The effects of the aging process and an active life-style on the autonomic control of heart rate (HR) were investigated in nine young sedentary (YS, 23 ± 2.4 years), 16 young active (YA, 22 ± 2.1 years), 8 older sedentary (OS, 63 ± 2.4 years) and 8 older active (OA, 61 ± 1.1 years) healthy men. Electrocardiogram was continuously recorded for 15 min at rest and for 4 min in the deep breathing test, with a breath rate of 5 to 6 cycles/min in the supine position. Resting HR and RR intervals were analyzed by time (RMSSD index) and frequency domain methods. The power spectral components are reported in normalized units (nu) at low (LF) and high (HF) frequency, and as the LF/HF ratio. The deep breathing test was analyzed by the respiratory sinus arrhythmia indices: expiration/inspiration ratio (E/I) and inspiration-expiration difference (∆IE). The active groups had lower HR and higher RMSSD index than the sedentary groups (life-style condition: sedentary vs active, P < 0.05). The older groups showed lower HFnu, higher LFnu and higher LF/HF ratio than the young groups (aging effect: young vs older, P < 0.05). The OS group had a lower E/ I ratio (1.16) and ∆IE (9.7 bpm) than the other groups studied (YS: 1.38, 22.4 bpm; YA: 1.40, 21.3 bpm; OA: 1.38, 18.5 bpm). The interaction between aging and life-style effects had a P < 0.05. These results suggest that aging reduces HR variability. However, regular physical activity positively affects vagal activity on the heart and consequently attenuates the effects of aging in the autonomic control of HR.
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Heart rate variability (HRV) has been used as a non-invasive tool to analyze the influence of the autonomic nervous system on the heart (1). The aging process reduces the parasympathetic activity on the heart and consequently, decreases the HRV indices (2, (3) (4) (5) (6) . Moreover, increased predominance of the sympathetic activity over the parasympathetic balance is also observed at rest in older subjects (4) . However, other findings suggest that the sympathovagal balance appears to be unchanged with aging due to decreases observed in both components (3). These observations are relevant since the reduction of HRV with aging can be related to higher cardiovascular morbidity and mortality rates (7, 8) .
The methods utilized for HRV analysis include the time domain, which has been expressed as mean values and standard deviation of the RR interval duration, and the frequency domain, obtained from mathematical processing of the RR intervals in the electrocardiogram recording which can discriminate two main spectral components: high frequency (HF, ranging from 0.15 to 0.40 Hz), and low frequency (LF, ranging from 0.04 to 0.15 Hz), representative of parasympathetic and sympathetic control, respectively (1). However, the literature has reported that LF is influenced by both components (9) .
Heart rate (HR) exhibits an oscillatory pattern in synchrony with the respiratory cycle, which is denominated respiratory sinus arrhythmia (RSA) (10) (11) (12) . During inspiration, the HR increase is largely due to withdrawal of the parasympathetic activity on the sinus node. During expiration, the parasympathetic resumes activity and HR decreases (11) . According to some investigators, RSA significantly decreases the sympathovagal balance, thus markedly increasing vagal modulation on the sinus node (2, 10, 11) .
The RSA is considered to be a representative sign of an intact cardiovascular system, showing the integrity of parasympathetic modulation on the sinus node (2,10), notably more marked in the young than in older subjects (2, 10, 11, 13) . It is currently believed that the aging process causes modifications in the cardiorespiratory system which may also alter other mechanisms indirectly involved in RSA genesis, i.e., the baroreflex and cardio-pulmonary stretch reflexes (11) .
There are conflicting reports in the literature regarding the effects of aerobic training on HRV under resting conditions in both the time and frequency domains. While some studies have reported increases in HRV (14, 15) , others have reported no change (13, 16, 17) . The intensity, duration and frequency of aerobic training appear to be directly related to HRV modifications. However, individual characteristics (genetic factors, fitness level, gender, age, chronic pathologies, etc.) are relevant to determine their magnitude (18) . In general, regular aerobic physical activity improves functional capacity, produces resting bradycardia (14, 16, 17) and may improve HRV (14, 15, 19) .
On the basis of these considerations, we hypothesized that long-term regular physical activity would attenuate the age-related decline in autonomic control of HR, which is relevant if we consider that higher cardiovascular morbidity and mortality rates are directly associated with reductions in HRV and functional capacity (7) . Thus, the purpose of the present study was to investigate the effects of aging process and active lifestyle on the autonomic control of HR in healthy men.
Forty-one men volunteered to take part in this study. They were divided into the following four groups according to age and life-style (sedentary and active): young sedentary (N = 9), young active (N = 16), older sedentary (N = 8), and older active (N = 8). The young active group was involved in leisure activities (soccer, swimming, cycling, and running) twice a week, and the older active men had been participating in regular physical activities (running, cycling, swimming, and walking) over the last 15 years, at a frequency of 4 days per week (median value) with a duration of 60 min per session. All of them were in good health based on clinical and physical examination and laboratory tests that included a standard electrocardiogram (ECG), maximum exercise test conducted by a physician, chest X-ray, total blood count, urinalysis, and clinical biochemical screening tests (glucose, uric acid, total cholesterol and fractions, and triglycerides). All groups were composed of nonsmokers and none of the subjects studied were taking any type of medication. The subjects were informed about the experimental procedures and signed an informed consent form to participate in the study. The study was approved by the Ethics Committee of the Federal University of São Carlos.
All subjects were evaluated at the same time of day and at an experimental room temperature of 23ºC and relative air humidity between 50 and 60%. Before the day of the experiment, the subjects were taken to the experimental room for familiarization with the procedures and the equipment to be used. Each subject had been instructed to avoid caffeinated and alcoholic beverages and to avoid moderate or heavy exercise on the day before the application of the protocols. Before beginning the test on each experimental day, the subjects were interviewed and examined to confirm their state of good health, the occurrence of a normal night's sleep, and to confirm that the control conditions (HR and systemic blood pressure) were within the normal range.
First, the subjects were maintained at rest for 20 min for HR to return to control conditions. Then, 15 min of ECG data were obtained while subjects rested quietly, breathing spontaneously, in the supine position. Subsequently, the HR and RR interval were recorded during the deep breathing test, which was performed twice by each subject, for 4 min, in the same position. During each test the subjects were instructed to perform deep forced inspirations and expirations, calmly and slowly, so that each cycle lasted 10 s, i.e., 5 s for inspiration and 5 s for expiration. This procedure was based on the literature which advocates that cycles with 10-to 12-s duration, which correspond to a breath rate of 5 to 6 cycles/min are the most reliable to obtain maximal RSA (12) . The subjects controlled their breath rate with a pointer clock and verbal feedback cues from the researchers. Real time feedback was given by the researchers based on observation of the visualized ECG signal on the computer screen which confirmed if the respiratory cycle had been performed in the correct way. At the end of the experiment, the subjects were instructed to breathe normally during the 1-min recovery. A resting period was allowed between tests to permit HR return to the control condition.
During all experiments the subjects were monitored at the CM5 lead to record the HR and RR intervals. The ECG and HR were obtained from a one-channel heart monitor (TC 500, ECAFIX, São Paulo, SP, Brazil) and processed using an analog-digital converter Lab. PC+ (National Instruments, Co., Austin, TX, USA), which represents an interface between the heart monitor and a Pentium III microcomputer. The signals were recorded in real time after analog to digital conversion and the RR interval (ms) was calculated on a beat-to-beat basis using specific software (20) .
HRV was analyzed by the time and frequency domain methods. In the time domain, the RR intervals were analyzed by the RMSSD index, which corresponds to the square root of the mean sum of the squares of the difference between adjacent normal RR intervals in the record divided by the number of RR intervals within a given time minus one.
Before the frequency domain analysis, the highest stability section RR intervals, which included at least 5 min, were selected for HRV analysis as a criterion required for the application of autoregressive spectral analysis. The power spectral components were then obtained at LF (0.04 to 0.15 Hz) and HF (0.15 to 0.4 Hz), in absolute units (ms 2 /Hz), and the normalized units were computed by dividing the absolute power of a given LF or HF component (ms 2 /Hz) by the total power, after subtracting from it the power of the component with a range frequency between 0 and 0.03 Hz, i.e., very LF, and then multiplying this ratio by 100. The LF/HF ratio was also measured (1) .
Frequency domain analysis was also applied to the RR intervals (ms) acquired during the deep breathing test and used to confirm if all subjects had maintained their breath rate at 5 to 6 cycles/min (i.e., peak of spectral density at a frequency ranging from 0.8 to 1.0 Hz). Next, the RSA indices were calculated as follows:
Expiration/inspiration (E/I) ratio: the ratio was calculated by the mean value for the longest RR interval obtained during the expiration phase divided by the mean value for the shortest RR interval obtained during the inspiration phase of the deep breathing test (2, 10) .
Inspiration-expiration difference (∆IE): the ratio was calculated by the difference between the mean value for the highest HR obtained during the inspiration phase and the mean value of the lowest HR obtained during the expiration phase of the deep breathing test (2, 10) .
Data are reported as means ± SD. The effect of aging (young vs older), life-style status (sedentary vs active) and the interaction between aging and life-style were compared by two-way ANOVA for unpaired measurements. When appropriate, post hoc analyses were conducted using the Duncan test. The analysis was carried out using the Statistica for Windows software (computer program manual, StatSoft, Inc., 2000). The level of significance was set at P < 0.05. Table 1 shows the anthropometric characteristics for the all groups studied. The older groups had a higher age and body mass index, and a lower height than the young groups (aging effect: young vs older, P < 0.05). Table 2 shows the HR, RR intervals, time and frequency domain indices and the RSA indices. The active groups had higher RR intervals, RMSSD index and lower HR compared to the sedentary groups (life-style condition: sedentary vs active, P < 0.05). The frequency domain indices showed a significant aging effect (young vs older), since the older groups had higher LF normalized units (LFnu), LF/HF ratio and lower HFnu than the young groups. Both RSA indices were influenced by interaction between aging (young vs older) and life-style condition (sedentary vs active). The older sedentary group had lower E/I ratio and ∆IE than the two Table 1 . Comparison of the anthropometric data for all groups studied. younger groups and older active group (interaction between aging effect and life-style condition, P < 0.05).
The present study investigated differences in autonomic HR control as a function of aging and regular physical activity. Healthy older subjects compared to young subjects showed decreased parasympathetic activity and increased sympathetic activity at rest, estimated by HRV indices, and consequently, a higher sympathovagal balance. The active groups showed bradycardia at rest, which was associated with higher HRV. Furthermore, the older sedentary subjects had an attenuated HR response to the respiratory cycle (i.e., RSA indices) compared to the young and older active subjects. Thus, regular physical activity in the older subjects tended to reverse, in part, the age-related deficits in vagal activity on the heart. The resting HR is modulated by both branches of the cardiac autonomic nervous system, with a predominance of parasympathetic influence (1) . The vagal activity on the sinus node, estimated by multiple HRV indices, is decreased with age (2) (3) (4) 6, 8) . On the other hand, the literature reports that mean HR at rest does not increase with advancing age (5, 6) , presumably due to the decrease in the intrinsic HR (8, 14) and the increase in sympathovagal balance (8) . Our results support in part these previous observations, since no differences were found between young and older men with the same life-style conditions for mean HR at rest. However, in the present study we did not use combined parasympathetic and sympathetic pharmacological blockade and consequently cannot make any statement about intrinsic HR.
It has been shown that HRV declines with aging (2-4,6,8), a fact mainly (4), but not exclusively, due to a reduction in parasympathetic activity. On the other hand, the sympathetic activity also declines with advanced age, but at a slower rate (8) . In the present study, the older subjects had lower vagal activity (i.e., low HFnu) which, associated with the higher LFnu, may have con- Data are reported as means ± SD. HR = heart rate; LFnu = low frequency in normalized units; HFnu = high frequency in normalized units; LF/HF = low frequency/high frequency ratio; E/I = expiration/inspiration ratio; ∆IE = inspiration-expiration difference; A = aging effect: young vs older; C = life-style condition: sedentary vs active; I = interaction between aging effect and life-style condition; NS = nonsignificant. *P < 0.05 compared to young groups. + P < 0.05 compared to sedentary and active older groups.
tributed to the greater sympathovagal balance observed. However, as the LF component is also influenced by the parasympathetic branch (9), we could not quantify the specific contribution of sympathetic efferent activity to the resting HRV. Although the rest bradycardia observed after aerobic training has been extensively studied, the mechanisms involved in this alteration are unclear (16, 17) . Leicht et al. (13) suggest that the increases in the HF component of the HRV are responsible for the reduced HR at rest. Other studies consider resting bradycardia to be much more related to changes in intrinsic HR than to modifications of efferent sympathovagal modulation (16, 17) . The lower resting HR values observed in both active groups in the present study were also associated with high vagal activity, which could be represented by greater HRV indices. These findings can produce improvements in cardiovascular health, most likely due to the effects of regular physical activity. However, the nonpharmacological methods utilized in the present study do not permit us to make statements about the mechanism that induces bradycardia.
The literature also reports that regular physical activity enhances the HRV evaluated in the time domain for young (14, 18) and older subjects (14, 19) . Our results agree with those of these studies, with the HRV analyzed by time domain for both active groups being higher than the HRV of agematched sedentary groups. Furthermore, the older active group showed similar values for the RMSSD index in comparison to the young active group. The long-term physical activity performed by the older active group probably contributed to these findings and must be taken into consideration.
On the other hand, when the HRV was analyzed in the frequency domain, no differences were found between the active and sedentary groups. In spite of the different results obtained in time and frequency domain analysis, it is important to note that the RMSSD should be considered to be a marker of overall HRV (9) while a non-invasive contribution by each division of autonomic modulation to HRV is possible when it is represented in its frequency domain. However, the normalization tends to minimize the effect of the changes in total power on the values of the LF and HF components (1, 9) . In addition, the use of normalized units or of the LF/HF ratio does not take into account the fact that the LF component is not a pure indicator of sympathetic activity and that parasympathetic stimulation is also capable of producing variations of HR in the frequency range of the LF component (9) . Thus, the higher vagal activity observed here in the older active group might have influenced the LF component that was responsible for the elevated LFnu and LF/HF ratio, explaining the lack of difference between sedentary and active older groups when the frequency component was expressed in normalized units or as the LF/HF ratio.
The RSA indices are utilized as a tool for analysis of vagal modulation of the sinus node (2,10,17) and consequently to evaluate autonomic dysfunction (2, 10) . Some investigators have reported that the E/I ratio is reduced with the aging process (2,10) due to decreases in the vagal response synchronized with the respiratory cycle. In the same way, the inspiration-expiration difference (∆IE) is also a sensitive index of autonomic dysfunction (10) and may be directly correlated with vagal activity on the heart and indirectly correlated with aging. Moreover, the RSA is higher in adults who exercise routinely and attenuated in older subjects (11, 19) , patient with coronary disease and diabetic patients (11) . The present findings agree with the literature (2,10), i.e., the E/I ratio and ∆IE were lower in the older sedentary group than in the young sedentary group, confirming the influence of aging on these indices.
The aging process is considered to cause structural and neuronal modifications in the cardiorespiratory system, which could alter some mechanisms indirectly involved in RSA genesis (i.e, baroreflex, chemoreflex and cardio-pulmonary stretch reflex) (11) . The higher E/I ratio and ∆IE observed in the older active group compared to the older sedentary group led us to believe that some of the mechanisms involved in the RSA as well as in vagal activity could be positively influenced by the physical activity in the older group. Thus, in the present study, the RSA indices showed the interaction between aging and regular physical activity, suggesting that an active life pattern is effective in attenuating the aging decline of HRV. These observations are relevant if we consider that a lower HRV is associated with an increased risk of cardiac events (7, 8) .
The present study has some limitations. First, the breath rate at rest was not controlled and the tidal volume during the deep breathing test was not measured; thus, the relative and absolute stimulus imposed by controlled breathing could not be analyzed (17) . Second, despite the self-reported habitual physical level utilized in present study, nothing can be inferred about frequency, duration and intensity of the aerobic activity performed by the young and older active groups. However, the long periods involved in a regular activity might have contributed to all the present findings.
The results of the present investigation suggest that the aging process causes a decrease in HRV. Moreover, regular physical activity has positive effects on the vagal activity on the heart and consequently attenuates the effects of aging on the autonomic control of HR when it is evaluated by HRV and by RSA indices. Therefore, further studies on the correlation between physical activity and aging process regarding the autonomic control of HR and the mechanisms of RSA are needed.
